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PREFACE
PREFACE
The unlawful introduction of potential pollutants to the 
aquatic environment and the apparently increasing quantum of 
diversified synthetic and natural chemicals having adverse 
effects on the biota have proved to be a risk factor to human 
resources. The science of aquatic toxicology has already 
revealed great dangers from the deliberate dumping of potential 
pollutants in aquatic environment and emphasizes the need to 
investigate the extent to which the genotoxic substances in the 
aquatic environment present a risk to aquatic organisms and man 
and the need for further regulation.
Though a vast amount of information has been generated in 
the country on different aspects of aquatic pollution, the 
concepts embodied in 'genetic toxicology’, 'environmental 
mutagensis' and 'genotoxicity' of chemicals or environmental 
genetic damage have not been given due recognition in pollution 
studies.
Genetic toxicology is a new field of multidisciplinary 
science with different realistic probes for environmental and 
chemical screening. Genotoxicity assays identify and analyse 
the action of agents with toxic effects directed towards the 
heriditary components of living system.
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For the aquatic environment, aquatic organisms and their 
associated higher trophic organisms including man, the genetic 
monitoring using different genetic biomarkers in different model 
systems including aquatic vertebrates and invertebrates, has 
proved to be an effective approach in recent years all over the 
world. Out of the many genetic monitors (biomarkers), the 
short-term assay, ’Micronucleus Test' is opined to be a rapid 
and facile technique of screening for genotoxicity.
Owing to the direct link with human food chain, greater 
susceptibility to environmental toxicants, and moderate 
similarity in metabolic systems with human beings, fish have 
proved to be one of the best model system for genotoxicity 
evaluation.
Etroplus suratensis due to its suitability for toxic 
studies, economic importance, and local abundance has been 
chosen as a test species for the present study. Three known 
pharmaceutical mutagens, (Colchicine, Cyclophosphamide (CP), 
Mitomycin-C (MMC)) and one heavy metal (cadmium) whose 
mutagenic potentials have been well documented were selected to 
test the response of the test species at the level of 
Micronuclear manifestations.
: 3 :
The main objectives of the present study were (i) to 
detect various types of nuclear anomalies of fish erythrocytes, 
(ii) to detect artifacts seen in piscine erythrocytic 
micronucleus test (ill) to generate base-line data to screen 
known chemicals for genotoxic potential and (iv) to assess 
genotoxic effects in fish from suspected polluted sites with a 
standardised protocol for piscine Micronucleus Test.
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for high valuable guidance in devising the schedule and his 
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well wishes.
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for their immense help in microphotography.
I also wish to record my thanks to Shri. V.Mohan and 
M.J.John, PGPM, Technical staffs CMFRI for their kind 
co-operation throughout the study period. I am much obliged to 
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INTRODUCTION
The consequences of environmental pollution in the form 
of Genotoxic and Cytotoxic effects on fish and shell-fish have 
created an interest among toxicologists and patholigists since 
the last centuary mainly because the consequences were similar 
to conditions occurring in mammals, including man. The 
origin, effects and detection of genotoxicity in aquatic 
species have been the subject of several research and review 
papers (Berry, 1980; Beardmore et , 1980; Kocan al., 
1982; Metcalfe, 1988; Capuzzo et , 1988).
Pollution means the introduction by man, directly or 
indirectly, of substances or energy into the aquatic 
environment resulting in such deleterious effects as harm to 
living, resource, hazards to human health, hindrance to aquatic 
activities including fishing impairment of quality for use of 
water and reduction of amenities {GESAMP, 1991). The 
different components of Biological, physical and chemical 
contaminants which contribute to the global contamination are 
shown in fig. 1 .
Further, the number of synthetic chemicals in commercial 
use today amounts to about 1 ,0 0 ,0 0 0 showing an annual rise of 
1000 chemicals over the years. These chemicals often have
I N T R O D U C T I O N
z
o
® S o  ?• 
J  5
z
o
o
- J (A c C o U-l 0)< o O 4J T3(« 00 00 U) o •H
4J « 0 n c uV JJ 4J DCiJ £ D 03 uX ' £ U V)u 0) n 0)
> •M (Q Cl
e: u
0) u 3
X U) u
3 0
•o 3c UM (A
In
00
< •H
o
C
O Q)
•H U
JJ c
to ca
4J 4J
u c
03 0)
> a u
U) U
>s 3
U 0) O
•r^ >
c •F^ U
u 0)
o u
«J fO fO
c/3 0 3
afl ■o
C9
csi ctf
O
>>
4J
•H
QO f/i
<9 c
3 OJ
(A 0^ c o
c (A 0#1 •H c
< (/) X -o 4J 0
a C 0 Cf o»-4 0) J J 4J J J
o CO U-i (Q
Q o I 0) >>
£ v> w c« 3
o i J o i J J J O aH>4 (9 •M c 3 V 0
OQ O . 03 3 CL Q a .
z
oH-
<
z
s
<6-
z
o
o
<
V
CO
>-
Cs«
c
ci:
z
cc.
s
o
o
cc«eBV<0)•ac
CO
CO
b.
adverse side effects on biota and demands the need for hazard 
evaluation using animal models to extrapolate to human system 
(Protlc and Aleksander-Sabljic, 1989).
Genotoxicants5 carcinogens and teratogens are often 
encountered in food additives, pharmaceuticals, pesticides, 
cosmetics, industrial, house-hold and municipal wastes. No 
environment is free from mutagens (Manna, 1982) and all living 
organisms including man are exposed to toxic and hazardous 
chemicals which act genetically either directly through 
mutations (Parry £t al^ -j 1976) or by exerting selection 
pressure (Beardmore et £l., 1980). Fish in their natural 
environments are also subjected to numerous stressors 
including genotoxic agents which cause long-term genetic 
impairment (Pesch and Pesch, 1980).
Many chemicals are genotoxic and cause mutagenesis in 
animals. The genotoxic mechanism is one where the 
genotoxicant or one of its metabolites reacts with DNA. 
Because of the Universality of the DNA molecule an agent which 
is genotoxic for one group of living organisms is typically 
genotoxic for other groups (Landolt and Kocan, 1983).
Mutagenic compounds may lead to changes in the gene pool 
with unpredictable consequences on population genetics (Alink 
et al., 1980) and hence it would not be out of place to 
surmise the decline or drastic fluctuation in fisheries due to
such compounds (Dass, 1990), There are two possible causes of 
Immediate concern the first is the direct impact of 
genotoxins on aquatic organisms, the second is indirect impact 
on man via exposure to genotoxins through aquatic environment. 
Since the levels of all such substances in the aquatic 
environment are very low, direct exposure of man is assumed to 
be insignificant and indirect exposure, via aquatic organisms 
consumed as food, is the main exposure pathway that needs to be 
stressed upon.
The main hazard caused by a mutagen is bioaccumulation 
in the food species which may be ingested by man. The mutagen 
ingested through the contaminated food reach and accumulate in 
the blood and organs. The bio-accumulated mass of the 
contaminants at lethal level leads to death of the individual 
whereas at sublethal level it leads to immunotoxicity, 
genotoxicity5 carcinogenicity, teratogenicity, etc-s(Fig. 2). 
It is pertinant to record that animal products like fish meat 
and other sea foods are vital components of our food chain 
which can transfer toxic chemicals to sea food consumers. 
Examples of such transmission of mutagens through food to man 
are mercury from fish in contaminated Swedish lakes and a 
toxic compound in bracken (a large coarse fern) vhich was de­
tected in milk of cows feeding on marginal hill pasture (Berry, 
1980). The grimness of the Minamata tragedy caused by the 
consumption of mercury contaminated fish and shellfish and the
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Fig:-2. BIOACCUMULATION AND TOXIC EFFECTS OF POLLUTANTS
( Boiidou ct 1983 )
out break of "Itai itai" caused by the consumption of food 
contaminated with cadmium and the ill effects of atmospheric 
lead, are few of the important mishaps.
From a human health stand point, at normal levels of 
consumption and contamination, the data on consumption of 
potential genotoxins/carcinogens via marine fish and shellfish 
give little reason for concern in relation to most of the 
substances considered. However, there may be increased risks 
if fishery products are abnormally contaminated with 
genotoxins. Therefore, there is a need for continuous 
vigilance and control over the disposal of known genotoxins 
into the environment. Extensive research is necessary to 
establish cause and effect relationships between genotoxins 
and aquatic organisms.
In fish, genetical changes could be a useful indicator 
of the effects of pollution and provide a quantitative and 
qualitative measure of the biological damage being produced by 
the commercial chemicals/pollutants and hence genetic bio­
markers for environmental monitoring and chemical hazard 
evaluation are now being recognised by aquatic toxicologic 
researchers .
Genetic toxicity assay has been enriched by the large 
number of methods for characterising the genotoxicity of 
chemicals and other environmental pollutants. The classical 
method of assessing genotoxic effects is the examination of
: 8 :
metaphase chromosome preparations of cells exposed to test 
agents or environmental pollutants either ^  vitro or ^  vivo. 
Unfortunately, this approach is tiresomely long and often has 
low precision. Unlike mammals, many species of fish have 
extremely small and numerous irregular choromsomes which 
present severe difficulty in resolution, observation and 
characterization of chromosomal defects such as deletions, 
alterations and sister chromatid exchanges (SCE). Micronucleus 
(MN) test is exempted from all the problems encountered in the 
metaphase chromosomal preparations and hence considered to be 
an inexpensive test.
The micronucleus is small membrane bound mass of 
chromatin material present in the cytoplasm of dividing cell 
populations resulting from chromosome aberrations (CA) in the 
cell cycle, following clastogenic exposure (Heddle et al.,
1983), either occurring fused with the Principal nucleus or 
remaining as a seperate, small secondary nucleus in the cells, 
scorable in telophase stage. In no case micronucleus and 
chromosomal damage are shown to occur independently of one 
another in a dividing cell population (Heddle e^ > 1983) 
and hence scoring of micronuclei may indicate chromosome 
aberrations and genotoxic effects. Owing to the inherent 
advantages of piscine erythrocytic micronucleus assay over 
micronucleus assays involving different tissues in different 
organisms, it is presumed to be an inexpensive, 
reliable, and rapid screening test. The greater reliability 
and sensitivity of the micronucleus test is substantiated
: 9 :
by Ames test and SCE (Landolt and Kocan, 1983). Its 
presence represents both clastogenic and spindle apparatus 
damage. Although the piscine micronucleus assay is an 
excellent screening test, information on the suitability of 
the test in environmental screening and chemical hazard 
evaluation is scanty. The present work was taken up to 
bridge gaps between the records and lacunae in such a way so 
as to standardise the piscine micronucleus test and to 
evaluate its suitability for environmental screening and 
chemical hazard analysis. The known chemicals, viz. 
colchicine, cyclophosphamide, mitomycin-C and cadmium were 
taken as genotoxicants to study their genotoxic effect in E. 
suratensis.
Colchicine is metablized to a mixture of compounds and 
are known to produce genotoxic effects in higher vertebrates 
(Flower et a^. , 1980). Majone et ^.(1990) studied the 
genotoxicity of colchicine in mussel (Mytllus 
gaUoprovincialis).
Cyclophosphamide (CP) as such is not active, but is 
activated by P-450 mixed function oxidases to the toxic 
state (Mohn and Ellenberger, 1976). The studies carried out 
by Kligerman (1979 c), Kligerman et £l. (1981), Krishnaja 
and Rege (1982) proved that cyclophosphamide is genotoxic to 
fishes. Mitoraycin-C (MMC) is enzymatically activated to 
function as a bifunctional alkylating agent, preferentially 
at O5 of guanosine (Rang and Dale, 1987). Kocan ^  
(1982) studied the genotoxic effects of mitomycin-C and
: 10 :
cyclophosphamide as cytotoxic agents to fish. Mitomycin-C
prevented cell division and subsequently reduce the frequency 
of micronucleus (Das.and Nanda, 1986). Majone. e^ a]^ . (1987) 
have studied, .the genotoxicity of mytomycin-C in a marine mussel
Cadmium is an environmental poison that accumulates and 
cause damage to Kidney and blood cells both in mammals 
(Larsson, 1975; Nomiyaraa et , 1975; Klaassen, 1980) and in 
aquatic organisms (Gardner and Yevich, 1970). Gardner and 
Yevich (1970) studied the nuclear anomalies similar to mammals 
produced by cadmium in Fundulus heteroclitus. Intraperitoneal 
injection in low quantity of cadmium to Pleuronectus platessa 
caused strong reduction in Cytochrome P-450 dependent 
ethoxyresorufin o~deethylase (EROD) activity and no 
significant alteration in the activity of phase II enzyme, 
glutathione-S“transferase even after six days of exposure 
(Johnsson-Sjobeck and Larsson, 1978). Gill and Pant (1985) 
observed different nuclear anomalies after cadmium exposure to 
Puntius conch onius.
All the DNA damage, chromosomal aberrations and 
interventions in cell cycle depend on chemical and physical 
properties of the xenobiotics and their metabolites, species, 
age, sex, dose and routes of exposure, cell metabolic state 
and various environmental factors (Buhler and Williams, 1988) 
and they can be manifested through micronucleus (Estmond and 
Tucker, 1989).
:: 11 ::
Due to the impairment of the spindle structure, 
the anaphase laggards in erythroblasts undergoing last 
chromosome replication and mitosis are set aside from the 
main nucleus and form micronucleus (Fig. 3).
Genetic damage exerted by colchicine, cyclophosphamide, 
mitomycin-C and cadmium were studied through micronucleus 
induction in mammals by a number of investigators including 
Evans et a^. (1959), Salamone e;t al^ . (1980) and Heddle et 
al. (1983). But the records of micronucleus induction by 
chemicals on fish are very few (Hoeven £t £l., 1982; Das and 
Nanda, 1986; Manna and Sadhukhan, 1986) .
Toxicology
Toxicology is a branch of medical science, which deals 
with the source, characters and properties of poisons, the 
signs, symptoms, diagnosis and treatment of poisoning and 
physiological and chemical tests by means of which poisons 
can be detected (Teacher, 1970).
Environmental toxicology deals with the incidental
exposure of tissue to chemicals that are basically 
contaminants of the environment, food or water (Hamilton, 
1976).
: 12 :
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Toxicology is categorised into two groups: the traditional 
toxicology and the modern toxicology. The former deals with 
testing of the animal for the detection of qualitative and 
quantitative changes in behaviour, homeostatic processes and 
lethality whereas the latter deciphers molecular events 
underlying the expression of toxic end points, and includes Ge­
netic toxicology, Immunotoxicology, Teratology, Oncology, 
Pharmacology and Behavioural toxicology (Brusick, 1980).
Aquatic toxicology is stepping into molecular toxicology 
and is being enriched by a variety of techniques and 
approaches becuase of its utmost importance (Lloyd, 1980). 
Recent Public awareness of increasing contamination of the 
aquatic ecosystem, and the associated health risks inspired 
traditional toxicologists to utilise realistic probes to 
discern toxic effects at the cellular level and its prevention 
CBaksi and Frazier, 1990; Thomas, 1990; Marshall, 1993).
Genetic Toxicology
Mutagenicity studies perhaps started with the 
formulation of mutation theory by de Vries (1901-1903) and 
the studies of mutagenic effects of radiation and chemicals by 
Muller (1927) and Auerbach & Robson (1946) respectively. The 
exploratory studies started only in the sixties using
several mutagenicity testing methodologies in mammals (Evans,
1959), aquatic organisms (Regan ^  j 1968) and other 
models.
Pioneering studies were on dominant lethal test in mice 
(Rohrborn, 1970) somatic and germinal cells (Brookes and 
Lawley, 1971)jtransforraatinn. in microorganisms (Ames, 1971), 
induced mutation in yeast (Mortimer and Manney, 1971), 
genotoxic observation in fish (Tystsugima,1972), micronucleus 
test (Heddle, 1973) and sister chromatid exchange (SCE) 
analysis (Perry and Wolf, 197A, Latt, 1974a).
Genotoxicity studies identify and analyse the action of 
toxicants directed towards the hereditary components of living 
systems. Agents specifically producing genetic alterations at 
sub-toxic exposure levels which result in organisms with 
altered hereditary characteristics are called genotoxic 
(Brusick, 1980). Consequences of genotoxic effect at 
individual and population level, has been shown in fig.4. 
Genotoxic effects of chemicals can be classified into micro 
and niacrolesions as described in fig.5.
Genetic toxicology studies have orginated from mammalian 
species (Brusick, 1980) and has extended to aquatic organisms 
(Beardmore ^  1980) by rapid evolution to diversified
genetic models including plants. Genetic toxicology testing 
has been enriched by the large number and diverse sets of end 
points for characterising the genotoxicity of agents, viz. 
chromosome aberration (CA), micronucleus test, sister 
chromatid exchange, dominant lethal mutation, heritable 
translocations, unscheduled DNA synthesis and other tests to 
detect gene mutations using microbes and cell cultures (Daniel 
and Golberg, 1980).
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Berry C1980), Beardmore et al^ . (1980) and EPA (1984) 
reviewed the various genetic aspects of pollution monitoring 
and opined the need to study the distribution of genotoxic 
substances and their effects on gene pools. Following this, 
Manna (1986, 1989) reviewed genotoxic studies in fish and 
opined, tilapia to be a good cytogenetic model for testing 
genotoxicity. Subsequently Thomas (1990), Mitrofanov et
(1991), Pechkurenkov (1991), Liu et al. (1991), Nishimoto et 
al ■ (1991) ,Zhang e^ al^ . (1992) , Bailey e^ ^1 . (1992), Yasuhira 
et al. (1992), Reichert et (1992), Schnitz and O' Connor
(1992 ), Kubota ^  {1992 ) , Adams et (1992 ) & Aoki et al. 
(1993) have studied various aspects of fish genotoxicity using 
different species including, various freshwater carps, rainbow 
trout, gold fishj tilapia,. medaka, eastern mudminnow, etc.
In genetic toxicology different end points varying in 
methodology -and sensitivity are used for environmental and
chemical screening, viz. SCE, chromosome aberration, micronu­
cleus test.
Sister Chromatid Exchange (SCE)
Theoretically SCE represents an visual manifestation of 
a reciprocal exchange of identical DNA material between two 
sister chromatids.
SCE Analysis using a DNA analong bromodeoxy uridine 
(BrdU) has been proposed as a new cytogenetic method for 
determining the potential hazards of chemicals in the
16
environment(Latt, 1974 a, 1974 b; Perry and Evans, 1975; Kato 
and Shimada, 1975). SCE analysis in fish was employed by 
Kligerman and Bloom (1976), Barker and Rackham (1979), Alink 
et al. (1980), Stromberg (1981), Kerkhoff and Gagg (1985), 
Harrison (1987), Wei (1987) and Wrisberg and Von der Gaag
(1992).
SCE assay and the micronucleus assay, are standard in 
vivo test systems for determining genotoxic responses in 
animals. However, the SCE assay and other metaphase assays 
are not suitable genotoxicity tests for most teleost species 
(Williams and Metcalfe, 1992).
Chromosome aberration
Chromosome aberrations can arise out of changes in 
chromosome number (gain or loss of single chromosome or set of 
chromosome) or changes in chromosome structure (breaks, 
deletions, rearrangements, etc-jfig. 5).
In mammals extensive work has been carried out since 
last three decades. Among aquatic organisms, fish have 
received considerable attention. Regan et al. (1968) reported 
chromosome aberration in marine fish. Consequently Tystsugima 
(1972), Kligerman et (1975), Sugatt (1978), Hooftman
(1981'), Krishnaja and Rege (1982), Yamazaki (1983), Al-Sabti 
(1985 a, b), Goodier et al. (1987), Walton ^  (1988) have
reported the incidence of chromosome aberrations in aquatic 
organisms. Due to the inherent inabilities and difficulties, 
the chromosome aberrations as a genotoxic end point has 
limited use over micronucleus test (Metcalfe, 1988; Williams 
and Metcalfe, 1992).
Micronucleus Test
Mirconuclei are the chromatin materials not included in 
the main nucleus presumably because of their failure to 
segregate to the progeny nuclei, a resultant of cell 
division, for different reasons have been lagging in 
anaphase, causing either chromosome breakage (acentric 
micronuclei) or malfunction of spindle apparatus (centric 
micronuclei) scorable in telephase stage. Micronucleus test 
yields information similar to that observed from Ames test 
(Jenssen and Ramel, 1980) and from conventional metaphase 
analysis (Kirkhart, 1981). Heddle et (1983) and others
have listed out the basic advantages of micronucleus test, 
viz.
1. Scoring for micronuclei is considerably more than 
10 fold faster than metaphase scoring. The test is time and 
cost effective. It is independent of a favourable karyotype.
The end point score is easily recognised even by/with little 
formal training in cytogenetics.
2. Micronuclei can be detected in interphase even if 
cellular proliferation is required. The induced micronucleus 
persists at least through the next interphase and hence can 
be observed easily with no critical urgency.
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3. The test can be applied to detect wide range of 
mutagens (Majone et al^ ., 1988, 1990; Brunetti et al. , 
1992).
4. It is applicable both in laboratory and wild 
screening.
5. Reproducible results within and among laboratories 
can be achieved.
6 . The test is a direct indication and realisation of 
genotoxicity. Higher micronucleus frequency indicates the 
greater genotoxicity.
7. The weakness and limitations of the test system can 
be factored into the data interpretation (Hayashi et al.,
1984) .
8 . Good statistical power. and amenability to 
substantial analysis because of more number of scorable 
cells (Hose et al., 1987).
9. Principally uniform protocols and evaluation 
criteria.
10. Multiple sampling is possible and hence 
chronological effects of an agents can be measured.
However, the micronucleus test is considered to be a 
less sensitive than Metaphase analysis. A serious 
limitation is that it cannot explain whether a given 
micronucleus is the end product of chromosomal break or a
: 18 :
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whole chromosome lagged behind as a consequence of 
disturbance in spindle functioning (Hose et al^ ., 1987; 
Carrasco et al., 1990).
Micronuclei are also called as Howell -Jolly bodies 
after Howell (1821) and Jolly (1905) who first discovered 
and described them in Red blood cells. Although the 
existence of micronucleus associated with chromosomal 
damage has been recognised by earlier workers especially in 
radiation field, the first serious attempt was made by 
Evans et a]^ . (1959) and subsequently by Schroeder (1966, 
1970) to use micronucleus as a monitor of cytogenetic 
damage. Schmid et al. (1971) and Heddle(1973) initiated 
studies to determine the parameters which could be used as 
useful indicators of cytogenetic damage in organisms. The 
work of Von Ledebur (1973) and Schmid (1975) led to the 
development of a simple ^  vivo test based on the 
identification of micronucleus in the Polychromatic 
erythrocytes of mouse bone marrow. The mammalian 
micronucleus test is a well known cytogenetic technique 
which assess genotoxic damage by the visual examination of 
cells for chromosome fragments.
The technique was first modified from bone marrow 
test to suit the peripheral blood cells in mammals by Mac 
Gregor et ^.(198). Later, Hooftman and de Raat (1982) 
modified it for its application in fish. The modified 
technique was named "Piscine Micronucleus test” and was 
used in fish by several workers (Puffer et a]^ . , 1983; Manna 
et al., 1985; Smith et al. , 1985; Das and Nanda, 1986;
Al-Sabti, 1986a; Hose ^  j 1987; Mingde et al., 1987; 
Metcalfe, 1988; Carrasco et , 1990; Daniels et al ■ , 
1992; Meier e^ ^ - 5  1992) for genotoxic evaluation.
Micronucleus tests, which utilise fish erythrocytes 
was termed as ’’Piscine erythrocytic micronucleus test".
In vivo Piscine erythrocytic micronucleus test is 
considered to be a better assay over mammalian ^  vivo 
assay because the activated metabolites reach target organs 
(bone marrow) to a lesser extent in mammals than in fish, 
where the target organ is kidney (Hose ^  1987). In
addition to this, application in vitro micronucleus test in 
aquatic organisms provides additional information (Gabriele 
et al., 1992).
In fishes, erythrocytic micronucleus test is most 
preferred than any other micronucleus test, since the 
erythropoietic cells, have high mitotic rate and 
erythrocyte production rate. Cells with high mitotic 
turnover is considered best for effective screening using 
micronucleus test (Metcalfe, 1988). Moreover, red blood 
cells can be obtained easily from fish blood without 
sacrificing the animal, which makes Piscine erythrocytic 
micronucleus test a biomonitor of the aquatic pollution 
(Hose £t , 1987). A brief account of the applications 
of Piscine erythrocytic micronucleus test by different 
workers has been given in Table-1.
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Besides the fish species, other aquatic organisms 
including invertebrates and amphibians were assessed for 
micronucleus test. Effectiveness of Mussel micronucleus 
test was studied by Gola et 1986, Brunetti ^  a]^.
(1988, 1991, 1992), Majone ^  al. (1987, 1988, 1990), 
Gabriele et (1992), Wrisberg and Van der Gaag, (1992)
to assess the genotoxic agents/effects of physical 
(temperature, etc.), chemical (Mitomycin-C, Colchicine, 
heavy metals including Cadmium) and biolgical responses 
(age, sex, etc.,). Similarly micronucleus test using 
amphibian species were analysed by Jaylet et (1986,
1990) and Von Hummelen et al. (1989).
Origin, size, shape and Position of micronucleus.
Micronuclei may arise from different types of 
chromosomal aberrations, and hence appear of different 
size & shape. Micronucleus is a small membrane bound 
chromatin mass, which may arise either from acentric or 
centric fragments of chromosome or chromatin materials due 
to choromosome breakage (structural chromosome damage) or 
whole chromosome leading to the production of numerical 
chromosome damage(Schmid, 1976). Usually one, very rarely 
two or many micronuceli per cell are observed attached to 
main nucleus or as a secondary nucleus in close viscinity 
to the main nucleus (Schmid, 1976). The size of 
micronuclues can distinguish the chromosome loss and 
chromosome breakage (Yamamoto and Kikuchi, 1980). Manna 
and Sadhukhan (1986) reported that the size of the
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micronucleus appeared to be 20-25 times smaller than the 
main nucleus. Hose et a]^ . (1987) noted that the usual 
shape of the micronucleus is round, almond or ovoid having 
a diameter of l/20th to 1/lOth of the erythrocyte nucleus, 
rarely approaching l/3rd the size of the main nucleus in 
kelpbass. Carrasco et a^. (1990) reviewed the different 
shapes of nuclear anomalies and micronuclei. The earlier 
hypothesis of different origin of micronucleus was 
confirmed by Gabriele et (1992) using CREST antibodies
and fluorescent staining.
It is generally assumed that aneuploidogenic agents 
(eg. Colchicine) induce micronuclei containing whole 
choromosome which may be due to non-disjunction; while 
clastogenic agents(eg. Mitomycin-C) induce acentric 
micronuclei (Gabriele, et al., 1992).
By combined use of flow cytometry and antikine- 
tochore antibody (CREST) staining, Nlisse £t al^ . (1992 a) 
studied the DNA distribution and origin of micronucleus 
induced by chemicals. Jones and Parry (1992) and Miller 
and Nusse(1993) explained the origin of micronucleus out of 
chromosomal damage during cell division by making use of 
fluorescence, situ hybridization and antikinetochore
antibody staining techniques.
Erythrocytic Anomalies
Besides the micronucleated erythrocytes, enumeration 
of erythrocytic anomalies were also carried out by a few 
workers. Erythrocytic anomaly includes mainly changes in
: 22 :
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nucleus structure termed as nuclear anomaly. These nuclear
anomalies may arise out of cytotoxic effects of pollutants / 
chemicals (Katz, 1950; Hooftman and de Raat, 1982). Variation 
in blood cell constitution could be a useful indicator of 
pollution effect (Hunn and Greer, 1991). Carrasco et al. 
(1990) encountered different erythrocytic abnormalities in 
contaminated fish. However, it was less correlated to the 
body burden of suspected contaminants, leaving doubts 
regarding their origin. Cadmium exposure to Carassius auratus 
caused significant dose dependent impairment of erythropoietic 
capacity (Houston and Keen, 1984). Cadmium damages 
erythropoietic cells (Garofano and Hxrshfield, 1983) and cause 
loss in integrity of cell membrane and membrane bound enzymes 
by enhancing lipid peroxidation (stacey and Kappus, 1982b; 
Younes and Siegers, 198A), Exposure of fish to heavy metals 
and other environmental pollutants cause different nuclear 
anomalies including micronucleus (Nikinmaa, 1990).
Erythrocyte counts vary according to age, sex and size 
in aquatic organisms (Siddiqui and Naseem, 1979). The normal 
blood cell structures itself may vary within and between 
species according to age, size environmental factors, etc. 
(Bhauraik et , 1987; Tripathi, 1989; Folmar et al. , 1992).
MATERIAL AND METHODS
Experimental animals
Endemic clchlid fish, Etroplus suratensis locally known as 
'Karimeen' having the vernacular name as PearlSpot (or green 
chromide) is chosen as the test animal. It inhabits the 
brackishwaters and estuaries of India, Sri Lanka and Pakistan. 
In India, the major areas of distribution lie between Karnataka 
Coast on the west and up to Chilka lake, on the east. It feeds 
on detritus plankton, small aquatic insects, aquatic algae like 
Spirogyra and Oscillotoria. It is available throughout the 
year, but the peak season is January to April and September to 
November. They contribute a significant percentage of the 
landings in Chilka lake, Pulicat lake and Kerala backwaters 
(Raju et al., 1987).
Etroplus suratensis matures when attains a size of 
10-12 cm. and grows to a maximum length of 25 cm. It responds 
positively to induced breeding and artificial feeding and hence 
it has a good potential for culture. It is euryhaline in its 
habitat and can be reared in the laboratory in static water with 
proper management.
Owing to these qualities and local abundance, it is 
selected as a test animal for the present studies.
M A T E R I A L  A N D  M E T H O D S
: 24 :
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COLLECTION AND MAINTENANCE OF ANIMALS
Specimens of size ranging 70-90gm. with a mean weight 
83.4 (S.D=7.1) were collected by cast net from fish ponds of 
Narakkal research centre of Central Institute of Brackishwater 
Aquaculture (CIBA) and Matsyafed fish farm, Narakkal. They were 
then acclimatized in a large tank or in a happa set in the 
natural water for about 3-4 days at the collection centre 
itself. Finally they were transported alive to the laboratory 
using 100 litre bins with least transporting stress.
In the laboratory the animals were kept in the same 
tTanspOTted water for about 6 hours with sufficient aeration and 
then transferred carefully to the tank containing water of 
4.0-5.0 ppt salinity. Animals were allowed to live under these 
conditions for about 20-25 days. Filtered tap water was used 
for dilution purposes. Temperature of water was 27.5 ^  1.5“C 
and pH was 7.0-8.0. Water was exchanged twice a day to avoid 
stress and to maintain cleanliness of the tank. Animals were 
fed regularly twice a day a^ libitum - with artificial pellet 
feed, prepared from fish and prawn meal and other conventional 
ingredients and with small prawns and clams. Sufficient care 
was taken to siphon off the excess food and waste materials to 
maintain hygienic conditions and thereby avoiding mechanical 
irritation, clogging of gills, turbidity and toxicity.
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These maintenance procedures were strictly followed during 
both acclimation and experimental phases. No disinfectant was 
used to avoid fungal and microbial attack keeping in mind that 
they may also contribute to the cytotoxic effects in test 
animals.
TEST CHEMICALS
1. Colchicine: (Source : S.D. fine chem. Ltd., Boisar) 
Colchicine is a clastogenic, aneuploidogenic spindle 
poisoning alkaloid derived from the corm and seeds of the 
meadow saffron, Colchicum autumnale Linne. (Groliman,
1960), It is soluble in water.
2. Cyclophosphamide-Endoxan Asta : (Source: M.S. Khandelwal, 
Bombay)
Cyclophosphamide (Cp) is a water soluble compound and is 
cytotoxic, mutagenic, immunosuppressive, alkylating, 
nephrotoxic, anti-tumor agent (Rang and Dale, 1987).
3. Mltomycin-C (Source: Biochem Pharma, Ind., Bombay) 
Mitomycin-C (MMC) is a aneuploidogenic, mutagenic 
anticarcinogenic antibiotic obtained from the culture 
broth of Streptomyces caespitosus (Rang and Dale, 1987) 
It is a water soluble direct mutagen.
4. Cadmium: (Source: Sarabhai M.Chem.,Baroda)
Cadmium is a non-essential cytotoxic element both in 
higher vertebrates and in fish (Gill and Pant 1985). It
27
is soluble in water. For the purity of the compound, 
CdCl^ was calibrated to cadmium reducing the molecular 
weight of chloride.
EXPERIMENTAL SET UP 
Base-line study
From Narakkal Matsyafed and CIBA fish ponds samples were 
collected and analysed for background micronucleus(MN) and 
nuclear anomaly Counts (NA). Three samplings were carried out 
from each station. Ten thousand cells per animal and six 
animals per site at a sampling time were analysed.
Troatment
Three sublethal doses of each of aforesaid chemicals were 
given to the test animals whereas control animals were exposed 
to normal saline. The doses were determined on the basis of 
tolerance limits of each chemical used.
Dose determination
Ninety six hour maximum tolerance dose for 
cyclophosphamide (200 ppm), Mitomycin-C (2 ppm). Colchicine 
(1 ppm), and Cadmium (2 ppm) was considered as the maximum dose 
in each case. Subsequent doses were fractions of the maximum 
dose. For each dose group twelve fish were randomly selected. 
Three animals were bled each time after 24 hrs, 48 hrs, 72 hrs.
28
and 96 hrs and a minimum of 2000 cells/animal were counted for 
micronucleus incidence. A summary of the experimental set up
for treated animals is given in table 2 .
Exposure to Genotoxlcants
All the test solutions were prepared in Physiological 
normal saline (0.9% Nad). A dose of 0.5-1.0 ml. of mutagenic 
solution was injected intraperitoneally using 1 ml. tuberculin 
syringe with No.l needle. The uniformity of the mode of 
injection was maintained for all the mutagens. Anaesthesia was 
not used to narcotize the fish in order to avoid the influence 
of extraneous chemicals.
The fish were netted with least stress and swabbed 
carefully with 70% alcohol. Injection was given on the lateral 
region of belly inserting the needle obliquely in such a way 
that no organs were damaged. After injection the site was again 
swabbed with 707o alcohol and animals were replaced in the water 
tank.
Field study
Live specimens of E.suratensis were collected from the 
Narakkal Matsyafed fish pond (Control station), Narakkal waste 
water canal and Eloor industrial area (of Periyar river), Kochi 
and were analysed for genotoxicity.. Ten thousand cells per 
animal and six animals per site at a sampling time were analysed.
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Three samplings at an interval of fifteen days were carried out 
from each station and their mean value was taken for final 
comparison study.
Blood collection
Following the method of Hose et al. {1989), 0.06-0.125 ml 
of blood was collected from each individual by Cardiac puncture 
using a heparinized {4 mg/ml) 1 ml. syringe. The blood 
collection was also tried with sodium citrate (27o) solution as 
an anticoagulant. The site of puncture was cleared with 707o 
alcohol before and after the collection.
Slide preparation, processing and observation
Following methods were tried for slide preparation and 
staining before adopting the final one used for routine 
screening.
1. Schmid (1976)
Blood smears were air dried and placed in a clean dark 
slide box for a day for maturation and then stained with 
undiluted May-Gruenwald (S.d.fine) solution for 3 min and 
May-gruenwald diluted (1:1) with phosphate buffer (pH 6 .8) 
for 2 min. Slides were washed in distilled water. Then 
they were counter stained in diluted Giemsa (Merck) with 
sorenson's phosphate buffer (1:4, pH 6 .8 ) for lOmin. 
Rinsed in tap water and then in distilled water and finally 
were screened for micronuclei and nuclear anomalies.
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2. Salamone et al. (1980)
Blood smears were alr-drled, fixed in absolute methanol 
for 5 min, stained for 20 min in 5°L solution of Giemsa in 
0.01 M phosphate buffer (0.71 gm. Na£ HPO^ , 0.68 gm. KH2 
PC ^  1 lit. distilled water, pH 6 .8 ) and Screened for 
micronuclei and nuclear anomalies.
3. Hooftman and de Raat (1982)
Blood smears were prepared from peripheral blood and were 
fixed in methanol and stained in Feulgen (Merck) as 
follows. Hydrolyse in 1 N Hcl for 15 min at 60‘’C. Rinse 
with cold IN Hcl and then with distilled water. Stain 
for 1 hr at room temperature in schiff’s solution. 
Rinsed 3 times with freshly prepared bisulphite solution 
(10% ^ 2 ^ 2 ^  3 ^ nHcl to 100 ml dist. water). Counter 
stained for 1 min in a Vi aqueous light green (Himedia) 
solution. Rinsed with distilled water, dried and 
screened under oil immersion objective for nuclear lesions
4. Hayashi et (198A)
Blood smear was dried over night, fixed in methanol for 5 
min and stained with 37o Giemsa in sorenson’s phosphate 
buffer (pH 6 .8 ) for 25 min. Then the slides were 
screened for micronucleus and nuclear anomalies.
5. Walton et al■ (1984)
Blood smears were fixed immediately in ethanol acetic 
acid (3:1) for 10 min,, air dried, stained with 2% 
aceto-orcein (2 gm orcein, 45 ml glacial acetic acid to 
55 ml sorenson's buffer, pH 6 .8 ) for 3 min, washed with
distilled water and screened for micronucleus and nuclear 
anomalies.
6. Manna and Sadhukhan (1986)
Blood smears were stained with 5 drops of Wright stain 
(Qualigens fine chemicals) for 5 min after overnight 
maturation time. Stained slides were washed in distilled 
water, dried and screened for micronucleus and nuclear anomaly.
7. Hose et al. (1987)
Blood smears were fixed in absolute methanol for 15 min
and were stained with May-Gruenwald-Giemsa (stock
May-Gruenwald and 37o Giemsa) Slides were screened for 
micronucleus and nuclear anomaly.
8. Carrasco et (1990).
Blood smears were air-dried, fixed in absolute methanol 
for 25 min and stored in dark containers. Stained with 
stock Giemsa solution for 45 min and observed for micro­
nucleus and nuclear anomaly.
9. Besides the aforesaid stains, 1% Toluidine blue ( Loba 
chemie ) and different gradation of Giemsa solution (37o, 
57o, 107o , 207o and 4C^ o) prepared in sorenson^s bjffer (pH 6.8) e^re 
also tried.
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Method developed for screening of micronucleus and nuclear 
anomaly.
The method of Hayashi et £l. (1984) was found to be 
good and followed in the experiment with little 
modifications. Briefly, blood smear was made on a acid 
washed clean slide by the standard smearing method (Lucky, 
1977). The slides were then kept in a dark place to avoid 
light reactions. After air drying period the slides were 
kept for overnight maturation. These slides were fixed in 
absolute methanol for 10-15 min stained with freshly 
prepared and cloth filtered Giemsa in Sorenson's buffer 
(pH 6 .8 ) for 15-20 min in a coplin jar. After staining, 
the slides were washed in mild running tap wat-er and then 
air dried after distilled water wash. Two slides per 
individual were prepared. Unmounted slides were screened 
for estimating the rate of micronucleus and nuclear anomaly 
incidences.
The dry stained slides were observed and screened 
under 1000 x magnification with oil immersion objective, 
through NIKON OPTIPHOT, No.l (Japan), microscope equipped 
with a built-in automatic camera for microphotography. Six 
thousand erythrocytes per three individuals were observed 
and the micronuclei and nuclear anomalies finalised on 
pooling the data in a group (Metcalfe, 1988). "Che rate of 
micronucleus and nuclear anomaly formation was expressed as 
micronuclei and nuclear anomalies per 1000 cells. The total 
count of micronucleus and nuclear anomaly was denoted as
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nuclear lesion count. Artifacts were excluded on the basis 
of base-line studies. Only non-refractile particles and 
intact cells were counted as abnormalities.
The size, shape, position and diameter of micronuclei 
and erythrocytes were analysed using stage and occular 
micrometer.
Statistical Analysis.
Two-Way analysis of variance was applied to test the 
significance of variation between doses and time in 
micronucleus and nuclear anorcaly prrodiaction for the test 
chemicals. Critical difference {C D ) analysis was carried 
out following two-way Anova to test the significance of 
variation between the pairs of doses and time.
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RESULTS AND DISCUSSION
Slide preparation and Micronucleus (MN) Count.
Various methods suggested by different workers (Schmid, 
1976; Salamone et al_., 1980; Hooftman and de Raat, 1982; 
Hayashi et > 1984; Walton et _al* , 1984; Hose et al. , 
1987; Carrasco £t al. , 1990) were tried to prepare the smear 
for the erythrocytic micronucleus count and an optimum 
method was developed to get a good spread of cells and a 
clear contrast between the cytoplasm and nucleus.
Although both sodium citrate (2%) and heparin (4 
mg/ml) prevented clotting effectively, heparin was found to 
be a better anticoagulant for the erythrocytic micronucleus 
test. Sodium citrate badly damaged the cells through 
hypotonic effect and led to more artifacts. Similar 
observation was made by Smit and Hattingh (1980) about the 
use of sodium citrate solution as an anticoagulant.
Giemsa staining for 15 minutes with a 20% working 
solution yielded good contrast between cytoplasm and nucleus 
of erythrocytes. Increased fixation and staining time and 
stain concentration did not have any effect.
RESULTS & DISCUSSION
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Feulgen's method (Hooftman and de Raat, 1982) appeared to be 
cumbersome and gave no micronucleus in erythrocytes but at 
the same time roicronuclei were observed using Giemsa
Stain during the base-line studies. Similar observation was 
made by Hooftman and de Raat (1982), Das and Nanda (1986) 
and Majone et al. (1988) who reported lower micronucleus 
frequencies with Feulgen reagents than with Giemsa method. 
The reason being that the Feulgen stain causes drastic 
hydrolysis of material which yield free aldehyde group at 
nuclear DNA level and also lead to RNA removal (Overend and 
Stacey, 1949). Thus such a staining technique is specific 
for nuclear DNA. However, it is possible that the 
hydrolysis might destroy small DNA fragments like those 
present in micronucleus. Such staining techniques, causing 
drastic hydrolysis, of the materialj are not suitable for 
micronucleus test. Toluidine blue (1%) stained the cells 
bright red and presented many stain particles and hence led 
to more artifacts. By Toluidine blue and Aceto-orcein good 
differential staining was not obtained.
May-Gruenwald (Stock) in combination with 207o Giemsa 
(Schmid, 1976) gave equally good results as with Giemsa 
alone. However, the aforesaid procedure was found to be 
time consuming. The staining procedure using Wright stain 
(Manna and Sadhukhan, 1986) did not give satisfactory 
results. The use of 15 days old stain, suggested by 
manufacturer (Qualigens fine chemicals, Bombay) also did not
36
improve the contrast between nucleus and cytoplasm of the 
cells.
The stained slides were generally observed without mounting 
since clearing of slides with xylene and mounting with DPX 
led to the gradual fading of stain. This was also observed 
by Dass C1990).
Base-line Study;
Erythrocyte Morphology;
The peripheral erythrocytes of E. suratensis were of the 
length ranging from 9,96 to 13.28 ^m with mean 11,62 ^ 
1.16 ^m). The cytoplasm appeared orange coloured whereas 
nucleus stained pink (Plate 1-9) with 207o Giemsa stain. The 
nucleus is clearly structured with a mean length of 3.4 + 
0,49 pm and has a well defined boundary (in contrast with 
ripe mammalian erythrocytes which have no nucleus). The 
cells were elliptical, oval or round in shape.
Nuclear lesions (Micronuclei + Nuclear abnormalities)
Consistent variations in the shape (smooth, 
elliptical) of the mature erythrocyte nucleus were noted in 
the pearlspot. These variations constituted the lesions of 
the nucleus in the form of micronucleus and nuclear anomaly.
The micronucleus consideration was given to the 
cells with clear and membrane bound nuclear mass, smaller than
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the main nucleus (1/lOth to ll2,75 of main nucleus) but with 
similar colour intensity. However, most of the micronuclei 
ranged between %th to l/3rd of main nucleus. Not more than 
one micronucleus per cell was noted (Plate.1). Mostly 
micronucleus was attached with main nucleus, and rarely 
separated micronuclei were noted. This is not in agreement 
with the observation made by Manna and Sadhukhan (1986), who 
reported that the micronucleus is l/2 0 toi/l0th of main 
nucleus in size and occured one to eight per branchial 
(gill) cell of tilapia. Similarly Hose et a^. (1987) 
reported that the micronucleus diameter size ranged from 
l/20th to l/lOth of the main nucleus of erythrocyte, rarely 
approaching l/3rd of the parent nucleus in white croaker and 
kelp bass. The difference in size of the micronucleus noted 
in this study might be due to the difference in tissue type 
and species being tested. Bhaumik et a^. (1987) and 
Tripathi (1989) have also opined that different species and 
tissues may have different nuclear content and thus 
different sized micronucleus in erythrocytes.
Different types of nuclear anomalies noted in 
erythrocytes are shown in plates 3 to 5. The nuclear 
anomalies constituted blebbed nucleus, lobed nucleus and 
bilobed nucleus.
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The 'blebbed nucleus' was a relatively small 
evagination of the nuclear envelope which ranged In shape 
from a slight protrusion to a stalked structure (Plate.4)
The 'lobed nucleus* was considered on the basis of the 
nuclear evagination, longer than the blebbed ranging from 
simple swellings of the nuclear surface to the presence of 
multiple lobes etc. (Plate 3).
The 'bilobed nucleus' as shown in plates 4 and 5, is 
nuclear strcutre constricted at centre giving the nucleus a 
dumbbell shape. It was differentiated from micronucleus by 
the depth of the invagination at centre. One half 
invagination of the nucleus represented micronucleus
whereas lesser than half represented bilobed nucleus. The 
nuclear anomalies observed in this study were similar to 
those observed by Carrasco _et _al, (1990) in White croaker 
(Genyonemus llneatus) erythrocytes.
Base-line Mlcronucleus+Nuclear Anomaly incidences:
The micronucleus and nuclear anomaly frequencies 
observed during the base line studies, are given in Table 6 . 
The base-line data or background reading for micronuclei 
and nuclear anomalies were found to be low and vary within a 
range of 0.0 - 0.3 and 0.2 - 0.6 per thousand cells 
respectively (Table-3).
Table 3: Base-line micronucleus and nuclear anomaly incidences in
control stations
Area
Sampling
Period
MN
(o/oo)
Frequency
NA
(o/oo)
Total
(o/oo)
Matsyafed 
fish pond,
March (III week) 0 .2 0.6 0.8
Narakkal. May (I week) 0 . 1 0.5 0.6
May (II week) 0.3 0.6 0.9
CIBA Fish Pond, 
Nar alvkal
May (I week) 0.2 0 . 2 0.4
May (II week) 0.0 0.4 0.4
June (I week) 0.2 0.5 0.7
MN
NA
Micronucleus 
Nuclear Anomaly
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This low range of base line nuclear lesions were also 
observed by Hose et al. (1987) and Dass (1990) in 
erythrocytes of white croaker, kelp bass and in Pearlspot 
respectively.
These so-called 'Natural' or background incidence may 
interfere with the detection of pollutant mediated DNA 
damage. It is always desirable to have the test animal 
with low background nuclear lesions for micronucleus test.
Artifacts
The direct comparison of micronucleus with main 
nucleus helped in identifying the different artifacts. In 
the present study the artifacts were observed in the form 
of overlapping cells, ruptured cells due to hypotonic 
effects and stain particles as shown in plates 5 to 7. 
Stain particles and acidic materials other than chromosome 
fragments were main intervening artifacts which were 
excluded on focussing due to their refractile nature while 
comparing with main nucleus.
Genotoxic effects of chemicals.
The genotoxic effects of selected chemicals, viz. 
Colchicine, Cyclophosphamide, Mitomycin-C and Cadmium were 
studied in E. suratensis in the ^orm of nuclear lesions com­
prising micronucleus & nuclear anomaly. The effect of dose & 
time of exposure on micronucleus and nuclear anomaly 
incidences were analysed by two-way Anova and is shown in 
Table-5,7,9,11 and in Fig. 6-9.
PLATE - 1
Upper - Arrow indicates erythrocyte with Micronucleus
^over - Arrow indicates erythrocyte with Micronucleus

Upper - Arrow indicates erythrocyte with Micronucleus,
PLATE - 2
Lower - Arrow indicates erythrocyte with Micronucleus.
»9 1
PLATE - 3
Upper - Arrow indicates erythrocyte with lobed Nucleus
- Arrow indicates erythrocyte with lobed Nucleus
5
PLATE - 4
Upper - Arrow indicates erythrocyte with blebbed Nucleus
Lower - Solid arrow indicates erythrocyte with blebbed Nucleus.
- Brocken arrow indicates erythrocyte with bilobed Nucleus

PLATE - 5
Upper - Arrow indicates erythrocyte with bilobed Nucleus
Lover - Arrow Indicates erythrocyte with bilobed Nucleus
#
f
(
»
m ' M
PLATE - 6
Arrow indicates erythrocytes overlapping resembling
Bilobed Nucleus»

Upper - Arrows indicate deshaped erythrocytes showiDg
Hypotonic treatment
PLATE - 7
Lover " Arrows indicate ruptured erythrocytes showing
Hypotonic treatment,

PLATE - 8
Upper - Arrow indicates erythrocyte
resembling Micronucl
with stain particle 
eus.
Lower - Arrow indicates erythrocyte with stain particle
resembling Micronucleus.
§%
%
AO
Colchicine
Incidences of micrcnucleus, nuclear anomaly and 
nuclear lesion observed, in the animals exposed to 
different dose-levels of Colchicine for different periods, 
has been given in Table 4. At each level of dose, the 
frequency (0/00) of micronuclei, nuclear anomalies in 
treated animals were found higher than that of control 
animals. The frequency of nuclear lesions (MN + NA) 
increased with the increase of dose level and time of 
exposure (Table-4). The increase in micronucleus and 
nuclear anomaly frequencies with the increase in dose and 
time of exposure is shown in Fig. 6 .
Two-way analysis of variance showed that the level of 
doses (0 i 0.1, 0.5 and 1.0 ppm) had significant effect 
(P<0.01) on micronucleus, nuclear anomaly and nuclear 
lesion incidences. Whereas time (24, 48, 72 and 96 hrs) 
had significant effect (P<0.05) on nuclear anomaly and 
nuclear lesion incidences but not on micronucleus (Table 
5). Critical difference (CD) analysis showed that the 
variation between the doses 0 & 1 . 0  ppm was highly 
significant (P<0.01) both in micronucleus and nuclear 
anomaly production followed by 0 . 1 & 1 . 0  ppm in 
micronucleus production. In the remaining combination of 
doses and time variations observed were not significant. 
In total, the nuclear lesions, (MN + NA) production
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differed significantly between doses (P<0.01) and time 
(P<0.05). The CD. analysis showed that the variation 
between the doses were in the order of 0 & 1 .0 , 0 . 1 and 
1.0, and 0 and 0.5 ppm.
Dose dependent micronuclei and nuclear anomalies were 
produced by colchicine. However, a marginal increa-se noted 
between first sampling time (24 hrs.) and last sampling 
time (96 hrs.) for 0.1 and 0.5 ppm doses were not 
significant. This finding of no significant effect of time 
on micronucleus production may be due to the direct action 
of colchicine on microtubules causing metaphase arrest 
after administration. After exposure, most cells might 
have arrested at metaphase stage and only a few cells would 
have reached the end of mitosis in order to manifest 
micronucleus. After some time, the arrested cells might 
have resumed their mitotic activity and the frequency of 
micronuclei rose accordingly with marginal increase. Hence 
there might be a check in micronucleus induction and 
release over time as suggested by Majone e_t (1990). It
is clear from the critical difference analysis that the 
differences between 24 hr and 48 hr, 24 hr and 72 hr and 24 
hr and 96 hr was less, high and higher, though there was no 
significant variation between them. This may expalin the 
marginal increase of micronuclei over time.
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From the result it is apparent that colchicine which 
is a representative, of clastogenic agents, caused damage to 
the erythrocyte' nucleus of E. suratensis giving rise to 
micronucleus and nuclear anomaly. This may be due to the 
spindle disturbing nature of colchicine and its effect on 
microtubules and thus resulting in failure of chromosome 
segregation.
The present observation is in agreement with Majone 
et al. (1990) and Gabriele ^  al. (1992), who have studied 
the effect of colchicine on micronucleus induction in 
mussel. They found significant increase in micronucleated 
cells up to 96 hr after the end of treatment with a hike in 
micronucleus incidence after 24 hr due to the release of 
metaphase arrested cells with fragments of chromatin 
materials resembling micronucleus.
Further, the increased rate of micronucleated 
erythrocytes in the present observation agreed with the 
findings of Flower ^  (1980) who reported that
colchicine and its metabolites were found to be absorbed 
rapidly into the plasma and distributed in an apparent 
space wider than that of the body water -and exert crucial 
effects on biological system by arresting the cell 
division. Similar positive genotoxic effect to colchicine 
was also observed in mammals (Groliman, 1960; Schmid, 1976;
A3
Athwal and Sandhu, 1985; Sutou et , 1986) as well as in 
aquatic organisms (Gabriele et , 1992).
Cyclophosphamide (CP)
Frequency estimates (0/00) of micronucleus, nuclear 
anomaly in control animals and in the animals treated with 
100 j 150 and 200 ppm of cyclophosphamide, for different 
periods (24, 48, 72 and 96 hrs), are shown in table 5. It 
is obvious from this table that the treated animals had 
higher frequencies of nuclear lesions than that of control 
animals. Increase in nuclear lesions with increase in 
dose of cyclophosphamide and time of exposure, has been 
shown in Fig. 7. Cyclophosphamide induced both dose and 
time dependent micronucleus and nuclear anomaly production 
in pearlspot. Maximum frequency of micronucleus and 
nuclear anomaly was observed in the animals exposed to 
highest dose (200 ppm) for 96 hrs, (table 6 ). In other 
animals exposed to lower level of doses and for lesser 
time, the frequencies of micronucleus and nuclear anomaly 
production were higher than that of control animals.
Significant variation (P<0.01) between doses 
(0,100,150 and 200 ppm) and time of exposure (24, 48, 72 
and 96 hrs) was observed in nuclear lesion (MN + NA) 
production. Both dose and time had significant effect 
(P<0.01 and P<0.05 respectively) on the micronucleus and 
nuclear anomaly production (table 7). Critical difference 
analysis showed a maximum significant variation in nuclear 
lesion incidences between 0 and 20 0, followed by 0 and 150,
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0 and 100 and 100 and 200 ppm for dose and 24 and 96 hr 
followed by 24 and 72 hr and 48 and 96 hr for tize. 
Similarly the C.D analysis for micronucleus and nuclear 
anomaly showed that the variation between doses were in the 
order of 0 and 200 ppm, 0 and 150ppm, 0 and 100 ppm and 
100 and 200 ppm and the variation between time of exposure 
were in order of 24 and 96 hrs 24 and 72 hrs for 
micronucleus production. In rest of the dose and time 
combinations there were no significant variation in 
micronucleus production.
The effective response of cyclophosphamide noted in 
the present investigation might be due to the 
bio-activation of the promutagen (CP) by microsomal enzyme 
system as suggested by Kligerman (19790 in Umbra limi and 
by Baksi and Means (1989) in Morone saxitilis larvae. The 
present observation was in agreement with the reports of 
Means e^ al^ . (1988), who studied the effect of 
cyclophosphamide on embryos of fish Morone saxltilis and 
Cyprindon varigatus and in the adults of Fundulus 
heteroclitus■ Baksi and Means (1989) also observed the 
dose related genotoxic effects of cyclophosphamide on 
Morone saxitilis larvae. However, Dass (1990) reported 
incidence of micronucleus in E. suratensis vith 
cyclophosphamide were not significant. This difference in 
observation may be due to the difference of. age and size of 
the test animals. The animals selected for the present
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study were adult specimens (mean 83.4 gm and S.D,=7.1), 
whereas animals selected by Dass (1990) were juveniles. 
Who observed that the 96 hr maximum tolerable dose of 
cyclophosphamide for E. suratensls was 100 ppm. \-Jhereas in 
the present study the same was 200 ppm. Since the 
chromosomal damage or cellular death is the result of 
toxicity, it is to be expected that significant levels of 
micronuclei will only be found at toxic or subtoxic doses 
(Heddle et , 1983). Hence, highest tolerable dose 
should be used for effective micronucleus induction. 
However between the present study and that of Dass (1990), 
the maximum tolerable doses are differing which r.ay be due 
to age and size of animal. Similar differences in 
response, due to different size groups of a species to a 
mutagen agrees with the findings of Laprieno (1980) and 
Brunetti e^ al < , (1992). This again, might be due to the 
difference of erythrocyte kinetics in the species at 
different age groups. The difference of micronucleus 
incidences in jeveniles and adults may explain that more 
number of erythrocytes are produced in adults than 
juveniles in E. suratensis. This is supported by the 
report of Siddiqui and Naseem (1979) who studied the 
erythrocyte production at different stages and in different 
species. They observed more number of erythrocytes in 
larger fish and at maturity stages in Labeo rohita and also 
in Tilapia zilli and Cyprinus carpio. Besides, the 
erythrocyte kinetics, the differential microsomal enzyme
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production for cyclophosphamide metabolism is also 
attributed to the intraspecies variation in micronucleus 
production. In adult specimens, more production of 
Microsomal P-450 enzyme might have resulted in increased 
micronucleus production as suggested by Binder ^  al.
(1984). it is further supported by the report of Buhler 
and Williams (1988) that the metabolism of any Xenobiotic 
may be influenced by sex, age, metabolic state, size and 
various environmental factors.
The positive genotoxic effects to cyclophosphamide 
(alkylating agent) observed in fishes including E. 
suratensis, were similar to the effects observed in mammals 
(Schmid, 1976; Evans, 1976; Mohn and Ellenberger, 1976; 
Salamone e^ al* > 1980; Athwal and Sandhu, 1985; Gupta, 
1989) and in aquatic organisms (Kligerman, 1979c; Kligerman 
et al. , 1985. Hoeven £t , 1982).
Mitomycin-C (MMC)
Frequency distribution of micronucleus, nuclear 
anomaly and nuclear lesion, in animals exposed for 24, 48, 
72 and 96 hrs to the different doses (0.5, 1.0 and 2.0 ppm) 
of mitomycin-C, has been given in table 8 , Treated animals 
showed higher incidences of micronucleus, nuclear anomaly 
than the control animals. An increasing trend in nuclear 
lesions, with the increase in dose and time of exposure, is 
shown diagramatically in fig.8 .
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Variation between doses (0, 0.5, 1.0 and 2.0 ppm) and 
time (24, 48, 72 and 96 hrs) was significant (P<0.01) in 
micronucleus production (Table 9). C D  analysis showed 
that the variation between the doses were in the order of 0 
and 2.0, 0 and 1.0, 0 and 0,5, 0.5 and 2.0 ppm and between 
the time 24 and 96 hr, 48 and 96 hr. In rest of the dose 
and time combinations there were no significant variation 
in micronucleus production.
Significant variation between dose -(P<0.01 )S:time' (P<0.05 
was noted in nuclear anomaly production. According to C D 
analysis, maximum significant variation was observed 
between 0 and 2.0 ppm, followed by 0 and 1.0, 0.5 and 0.2,
0 and 0.5 and 0.5 and 1,0 ppm for dose and between 24 and 
96 hr followed by 48 and 96 hr and 24 and 72 hr for time.
In total, the nuclear lesions production varied 
significantly between dose {P<0.01) and time (P<0.05). c D 
analysis showed that the variation between the doses were 
in the order of 0 and 2.0, 0 and 1.0, 0.5 and 2.0 and 0 and
0.5 for dose and between the time 24 and 96, 48 and 96 hr.
Intraperitoneal injection of mitomycin -C induced a 
dose and time dependant micronucleus and nuclear anomaly 
with linear increase in E. suratensis . Maximum nuclear 
lesions were obserbed with high dose and in last sampling 
time (fig.8 ).
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In the present study, low but significant number of 
micronuclei and nuclear anomalies might be due to the cells 
that are gradually replaced the pre-existing ones. This 
low frequency might be due to the inhibition of mitotic 
activity in cells by mitomycin-C as stated by Das and Nanda 
(1986). However, a significant increase in micronucleus 
frequency with increase in exposure time might be due to 
high number of damaged cells undergoing mitosis enabling 
production of micronucleus and its accumulation over a 
period of time. This was also observed by Majone et al* 
(1988) in mussel.
The positive response of mitomycin-C observed in this 
study was in agreement with the reports of Gabriele et al. 
(1992) and Williams and Metcalfe (1992). who qualified
mitomycin-C as an alkylating and aneuploidogenic genotoxic 
agent in aquatic organisms, through micronucleus test. 
Similar results, with other end points such as sister 
chromatid exchange and chromosome aberration are reported 
by Krishnaja and Rege (1982) and Kocan et £l. (1982).
Increased micronucleus incidences might be due the 
action of free radicals generated from mitomycin-C, either 
through cross linking of DNA, prevention of DNA synthesis 
or Mitosis as suggested by Hood et (1979) and Rang and
Dale (1987) about the mitomycin-C activity.
A9
Cadmium
Like other mutagens used in this study intraperitoneal 
injection of cadmium also led to the cell damage and 
nuclear anomaly. The frequency, of micronucleus, nuclear 
anomaly and nuclear lesion resulted in the animals 
exposed to various level of cadmium doses and for the 
different time periods, is given in table 10. A comparison 
between the nuclear lesion frequencies at each level of 
dose was made for each exposure time and is presented 
diagramatlcally in fig. 9.
It is clear from the table 10; that all treated 
animals showed higher incidences of nuclear lesions (MN+NA) 
than those of control animals. A linear increase in 
nuclear lesions was noted with the increase in time of 
exposure at 0.5 ppm of cadmium upto 72 hrs. whereas at 
other dose levels the trend continued upto 96 hrs. 
Similarly, for the same time of exposure there was an 
increase in the micronucleus, nuclear anomaly and thus 
nuclear lesions frequencies with the increase in dose 
(table 10).
Effect of dose and time was studied by conducting 
the two way ANOVA (table 11). Significant variation 
between doses (0, 0.5, 1.0 and 2.0 ppm) was observed 
(P<0 01) in mlcronucleus and nuclear anomaly Induction. 
Significant variation (P<0.01) was also observed between 
time (24, 48, 72 and 96 hr) only in nuclear anomaly
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formation, but not in micronucleus formation, where 
homogeneous effect of time was noted, C D analysis showed, 
the variation between the doses were in the order of 0 and
2.0, 0,5 and 2.0, 0 and 1.0 and 0.5 and 1.0 ppm for 
micronucleus production and 0 and 2.0, 0 and 1.0, 0.5 and
2.0, 0 and 0.5 and 0.5 and 1.0 ppm for nuclear anomaly 
incidence. The order for variation in time was 24 & 96 and 
24 & 72 hrs for nuclear anomaly production. Rest all the 
combinations of time showed homogeneous effect. In total, 
the nuclear lesions production was significantly varying 
between doses (P<0.01) and time (P<0.05). The C D 
analysis for nuclear lesion showed the variation between 
the doses 0 and 2 . 0 ppm at maximum significant level, 
followed by 0.5 and 2,0, 0 and 1.0, 0.5 and 1.0 ppm .simil­
arly, maximum variation was observed between the time 24 
and 96 hr. In rest of the combinations of time and dose the 
results were homogeneous in nature.
Increased micronucleus incidences after exposure to 
cadmium was in agreement with the reports of Manna and 
Sadhukhan (1986) and Gola et al^ . (1986) in tilapia and 
mussel respectively. Intraperitoneal injection of cadmium 
showed an elevated micronucleus than control as high as 127 
micronuclei per thousand cells after 30 hrs of exposure in 
tilapia, Gola ^  £l. (1986) observed similar increase in 
micronucleus production after 24 hrs of cadmium exposure to
51 :
mussels. Erythrocytic nuclear damages observed in the 
present study was similar to the report of Gill and Pant
(1985) in Puntius conchonlus.
In the present study, increased raicronucleus and 
nuclear anomaly incidences after cadmium exposure might be 
due to the inability of the fish to detoxify the poison and 
the existing unexereted toxic metabolites effect (Johnson 
sjobeck and Larsson, 1978) leading to the loss in 
integrity of nuclear membrane and membrane bound enzymes 
by enhancing lipid peroxidation as suggested by Stacey and 
Kappus (1982 b) and Younes and Siegers (1984).
The time dependent nuclear anomalies might be due to 
the effect of cadmium on erythropoietic cells rather than 
on the circulating erythrocytes as described by Houston and 
Keen (1984) and Garofano and Hirshfield (1983).
Genotoxicity of all these chemicals might be a result 
of bio-activation5 reaction with biomolecules, induction 
and persistence of micronucleus and nuclear anomaly. 
Although most of the genotoxic substances and their 
metabolites in general eventually reach many of the body 
cells; but haemotopoietic cells and peripheral blood cells 
because of their fast dividing nature are affected more. 
Thus the present increased micronucleus and nuclear anomaly 
incidences in erythrocytes might be purely due to 
genotoxicity of the test chemicals used. This is on the
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basis of the basic principle that almost all the genotoxic 
agents are presumed to produce reactive metabolites and 
free radicals which may react with macromolecules to yield 
increased DNA damage through alkylation, cross-linking of 
DNA chain and interaction with membrane leading to 
increased micronucleus production.
In all the experiments, the frequency of micronuclei 
in control fish varied between 0.2 - 0.4 per thousand 
cells. This low value is in agreement with earlier reports 
made by Hooftman and de Raat (1982) Metcalfe (1988) Van 
Hummesen ^  (1989) and Williams and Metcalfe (1992) who 
have used piscine micronucleus test for chemical 
genotoxicity assessment.
The general dose and time dependent nuclear lesions 
induced by the chemicals tested agree with the principle 
that the clastogenic, mutagenic and other genotoxic agents 
cause chromosomal damage in the exposed cells and they can 
be visualized as micronuclei or nuclear anomalies. 
Chemical specific nuclear lesion incidences according to 
time and dose noted in the study were in agreement with the 
finding of Al-Sabti (1985a) who , opined that the dose 
dependent increase of micronucleus incidences are pollutant 
specific.
: 53 :
The observation of nuclear anomalies in all the 
experiments agrees with Nikinmaa (1992), who have described 
the effect of chemicals on erythrocytes by impairing the 
physiological co-ordination in fish. The nuclear anomalies 
observed in the study coincides with the descriptions made 
in the earlier studies that used the piscine micronucleus 
test (Hooftman and de Raat, 1982; Longwell et , 1983; 
Manna et , 1985; Al-sabti, 1986 a, 1986 b; Das and Nanda 
1986; Hose e^al., 1987; Long and Buchman, 1989) and were 
not naturally produced as they were minimum in controls. 
However, it needs further study for confirmation as 
described by Carrasco (1990).
The increased micronucleus incidences/total nuclear 
lesions observed in general in E. suratensis might be due 
to the reason that the activity of DNA polymerase, an 
enzyme important in DNA repair, is markedly less active in 
fish cells compared to rodent and human cells as reported 
by scovassi (1979) and Walton et (1984). This
DNA polymerase hypo - activity would have slowed down DNA 
repair which in turn caused more number of cells with DNA 
damage to undergo mitosis leading to more number of 
micronuclei and nuclear anomalies as suggested by Walton 
et a]^ . (1984) .
Almost in all the experiments, the micronucleus 
frequencies were low, but statistically significant. The
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low frequency of micronuclei might be due to the inhibition 
of mitotic activity rather than a reduced level of 
genotoxic damage. The similar effect was also observed by 
Tates et al. (1983) and Das and Nanda (1986). However, it 
can be speculated that the relative low rate of erythro- 
poiesis in fish species in general could also be the cause 
of low micronucleus frequencies. Metcalfe (1988) suggested 
that the low frequency of micronuclei noted in fish in 
vivo may not be due to any cellular resistance to 
clastogenic activity.
The results of this study indicate that the three 
chemical/mutagens and one heavy metal selected are 
genotoxic to E. suratensis. Incidence of micronuclei 
reported in mammals (Heddle et al., 1983; Sutou et al. , 
1986; Gupta, 1989) had similarities with the present 
investigation. This is in the agreement with the basic 
principle that an agent which is genotoxic for one group of 
living organisms is also genotoxic for other, because of 
the universality of DNA as stated by Landolt and Kocan 
(1983),
Further, it is supported by the report of Lech and 
Bend (1980),Binder et (1984) and Hunn and Greer (1991) 
that the fish mixed function oxidase (MFO) system is almost 
similar to mammals. Hence it can substitute or supplement 
costly mammalian models for the evaluation of toxic effects
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of chemicals in human system or to conduct pre-marketing 
survey of commercial chemicals, which have adverse effects 
on biota. This concept of fish as a 'model patient' in 
toxic studies was also recommended by Powers (1989) and 
other researchers (Metcalfe, 1989; Metcalfe et > 1990; 
Thomas, 1990; Nishimoto et al_. , 1991; Zhang et , 1992; 
Bailey et , 1992; Reichert et , 1992; Schnltz and O' 
connor, 1992; Kubota et al. , 1992; Adams et al^., 1992; 
Marafante and Clerici, 1992; Aoki £t , 1993) who have 
studied the genetic responses of toxicity in fish.
Moreover, the present study indicated the rapidity 
and simplicity of piscine erythrocytic micronucleus test 
over any other test system. . Due to the nucleated 
erythrocytes in fish, the observation and characterisation 
of micronucleus/nuclear anomaly in such cells was easy 
and had the advantage of reducing the artifacts by direct 
comparison of micronucleus with main nucleus, which is not 
possible in Mammalian micronucleus test. Where the 
erythrocytes are enucleated. This is in agreement with the 
statement of Hooftman and de Raat (1982) that the cells 
with well defined nucleus and prominent boundary 
facilitates the identification of fragments in their 
cytoplasm.
Field Study
The field study was conducted by analysing the 
natural incidence of micronucleus, nuclear anomaly and
56
nuclear lesion in the fishes occuring in suspected polluted 
sites (Eloor industrial area on the bank of Periyar and 
Narakkal waste water canal, Kochi). The frequency(0/00) of 
nuclear abnormalities in the form of micronucleus, nuclear 
anomalies and nuclear lesion, occurring in these animals 
have been given in table 12. Animals collected from 
Matsyafed fish pond Narakkal, which is considered to be a 
pollution free pond, were used as control animals. A 
comparison between nuclear lesions of treated animals and 
field samples, has been depicted in Fig. 10.
In Eloor industrial area, frequency (0/00) of 
micronuclei and nuclear anomalies varied between 6 . 8 - 8 . 2  
and 11.4 - 14.4 respectively whereas the total nuclear 
lesions varied between 18.2 - 22.2. In the animals 
collected from Narakkal Wastewater canal, micronucleus and 
nuclear anomaly incidences (0/0 0 ) varied between 2 .0 - 2 .6  
and 5.4 to 6.2 respectively against the range of 0.1 - 0.2 
and 0.4 - 0.7 in control animals (table 12). In Eloor 
industrial area and Narakkal waste water canal, the nuclear 
lesions showed a 25 and 11 times ' increase than control 
incidences respectively.
During all the sampling periods, nuclear lesions were 
found to be very high in animals occuring in Eloor 
■industrial area followed by Narakkal waste ^jater canal 
against a low incidence in control station.
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: 57
Eloor industrial area is reported to be highly 
polluted with a variety of chemicals including cadmium 
(Gopalan, 1990 ; ‘Joy, 1990). This high range of 
pollutants including cadmium might have caused the 
increased incidence of micronucleus and nuclear anomalies 
observed in this study. Narakkal waste water canal is 
inferred to be contaminated with house-hold and other 
inorganic and organic wastes.. Fishes sampled from this area 
also showed significant estimates of micronucleus than 
control animals.
In a similar study, high incidences of micronucleus/ 
nuclear anomaly were also observed by Hose et (1987) in
California coast contaminated with chlorinated 
hydrocarbons. Four to eleven fold increase in micronucleus 
frequencies than reference site were observed by them. 
Similarly significant correlation between contamination 
(with urban discharge & industrial discharge) and 
micronucleus incidences were noted by Brunetti et al (1988) 
In Mytilus galloprovinclals (mussel). Cross et al. (1987) also 
observed high level of micronuclei in kelp bass larvae 
residing in an urban bay rather than in rural bay. The 
higher incidences of micronucleus/nuclear anomaly in 
animals inhabiting polluted habitats identified and sampled 
in the study, when compared with experimental results (Fig. 
1 0) brings forth the severity of contamination in the
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sampled locations. In the laboratory animals exposed to 
cadmium showed elevated micronuclei/nuclear anomalies than 
control. From this it can be inferred that the elevated 
micronuclei/nuclear anomalies observed in Eloor 
industrial area might have resulted from the effect of 
cadmium or from the synergistic effect of cadmium with 
other contaminents present in that area. However it needs 
further confirmation.
The present study suggested the possibilities of 
using the frequencies of micronucleus measured in natural 
populations and in chemically exposed populations of 
aquatic organisms, as a rapid and reliable test to monitor 
the aquatic environment for the presence of genotoxic 
pollutants and to evaluate the potency of chemicals for the 
genotoxicity at sublethal level.
Moreover, the micronucleus test bypasses all the 
problems posed by other cytogenetic techniques such as the 
chromosome aberrations and the sister chromatid exchange 
tests. Owing to the advantages of micronucleus test over 
the other techiniques and ease to perform this test can be 
used as a suitable method for ^  situ monitoring of feral 
fish for genotoxicity. However, further investigations to 
decipher the influences of various biotic and abiotic 
parameters may add to the suitability of this test.
SUMMARY
S U M M A R Y
1, The study was conducted in Etroplus suratensls using 
Micronucleus Test (MNT) with the objectives (i) to 
detect various types of nuclear anomalies of fish 
erythrocytes, (ii) to detect artifacts seen in piscine 
erythrocytic micronucleus test (iii) to generate 
base-line data to screen known chemicals for genotoxic 
potential and (iv) to assess genotoxic effects in fish 
from suspected polluted sites with a standardised 
protocol for piscine erythrocytic micronucleus test.
2, Among Sodium citrate [TD and Heparin (4 mg/ml). The 
later was found to be a suitable anticoagulant which 
prevented the blood clotting effectively and did not 
damage the erythrocytes.
3, Different procedures were tried to get an optimum 
method for blood slide preparation and staining. 
Giemsa stain (20%) made in Sorensen's buffer (pH 6 .8 ) 
was found to be the best for Piscine erythrocytic 
micronucleus test (MNT).
4, Low counts of micronuclex' (MN) and nuclear 
abnormalities (NA) were found in the animals collected 
from Matsyafed fish pond and CIBA fish pond, Narakkal.
: 59 ;
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The counts ranged from 0.0-0.3 o/oo for 
micronuclei and 0 .2-0 . 6 for nuclear anomalies. 
Which provided the base —  line frequencies 
(background counts) for the studies conducted in 
the laboratory animals treated with known chemical 
mutagens and collected from the suspected polluted 
areas.
5. Many artifacts in the form of overlapping cells, 
and ruptured cells were observed alongwith 
micronuclei and nuclear anomalies. Stain particles 
and acidic materials other than chromosomal 
fragments were the main intervening artifacts.
6 . In the laboratory; the animals were treated with 
different doses of colchicine (0.1, 0.5 and 1.0 
ppm)j cyclophosphamide ( 100, 150 and 200 ppm), 
mitomycin-C (0.5, 1.0 and 2.0 ppm) and cadmium 
(0.5, 1.0 and 2.0 ppm). The blood samples were 
collected from these animals after 24, 48, 72 and 
96 hrs. and were subjected micronucleus test.
7. In animals treated with colchicine, maximum 
frequency (O/OO) of micronuclei and nuclear 
anomalies ranged from 0.6 to 3.2 and 1.4 to 3.6 
respectively at 1.0 ppm after 96 hrs. Level of 
dose showed significant effect (P< 0.01) on
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micronucleus 5 nuclear anomaly and total nuclear 
lesions ( i.e. MN+NA) incidence. Whereas time had 
significant effect (P<0.05) on nuclear anomalies 
and nuclear lesions but not on micronuclei.
8 . In animals treated with alkylating agent, 
cyclophosphamide, higher incidence of micronuclei 
and nuclear anomalies was observed at 200 ppm after 
96 hrs. Total nuclear lesions (MN + NA) ranged 
from 5.4 to 8 .6 o/oo. Both dose and time had 
significant effect (P<0.01) on the micronuclei and 
nuclear anomalies production.
9. In animals treated with mitomycin-C 
(aneuploidogenic agent), maximum micronuclei and 
nuclear anomalies incidence was observed at 2.0 ppm 
dose after 96 hrs of the treatment. The total 
nuclear lesions ranged from 4.8 to 9.6 o/oo whereas 
after the same time period it was 0 .8 in control 
animals. Variation between doses (0, 0.5, 1.0 and 
2.0 ppm) and time (24, 48, 72 and 96 hrs) was 
significant (P<0.01) in micronuclei and nuclear 
anomalies production.
10 Like other chemicals cadmium also induced the
elevated micronucleus and nuclear anomaly in 
treated animals against a low incidence of control. 
An increasing trend in micronuclei, nuclear 
anomalies and nuclear lesions was observed with
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increase in dose and time. Significant variation 
(P<0.01) between doses was observed in micronucleus 
and nuclear anomaly induction. Significant 
variation between time . of exposure was observed 
for nuclear anomalies but not micronuclei.
11. Field study was conducted by analysing the natural
incidence of micronucleus, nuclear anomaly and 
nuclear lesion in the animals occurring in 
suspected polluted areas (Eloor industrial area of 
river Periyar and Narakkal waste water canal, 
Kochi). The micronuclei and nuclear anomalies 
varied between 6 .8-8 .2 and 11.4-14.4 o/oo 
respectively in animals from Eloor industrial 
area. Whereas in animals from Narakkal waste 
water canal micronuclei and nuclear anomalies 
ranged between 2.0-2 .6 and 5.4-6.2 o/oo 
respectively. The nuclear lesions in Eloor 
industrial area and Narakkal waste water canal 
respectively showed a 25 and 11 times increase 
than the control incidence.
CONCLUSION AND RECOMMENDATIONS
The study concluded that Etroplus suratensis can be 
used as a good model to study the genotoxic effects of 
aquatic Pollutants in fishes. The high incidence of 
micronuclei 5 nuclear anomalies and nuclear lesions in 
animals from polluted areas showed that the aquatic 
animals in these areas are under serious threat of 
pollution.
Due to the nucleated erythrocytes in fish, the 
piscine erythrocytic micronucleus test can be used as a 
tool t o .monitor the aquatic pollution and to evaluate 
the genotoxic potency of commercial chemicals. Moreover, 
the simplicity, rapidity and accuracy of this test add to 
its suitability for genotoxic studies.
Since fish is an important part of our food it is 
recommended to undertake a large - scale genotoxicity 
screening of chemicals, effluents and environmental 
residues, etc. to check the level of contamination in 
fishes of economic importance where E. suratensis can be 
used as a cytogenetic model and piscine erythrocytic 
micronucleus test as a cytogenetic tool and thereby 
formulate the pollution control programmes accordingly.
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